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Abstract 
This article uses Markov regime Switching ARCH (SWARCH) model to research the volatility of Chinese stock market 
industry sectors, finding that all industry sectors were able to be significantly divided into two regimes, the high volatility 
regime and the low volatility regime. For different regime transfer, we can classify all sectors into three categories. Further 
the article analyzes the regime characteristics of industry sectors. The results show that the correlation coefficient in high 
volatility regime is higher than that in low volatility regime. 
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1. Introduction 
The stock market is known as barometer of economy. In practice, it is convenient for entrepreneurs to 
finance and investors to investing. In theory, it also attracts a wide range of academic interests. Volatility is an 
important feature of stock market, the pricing of financial assets and investment portfolios are dependent on the 
volatility. Thus, it is meaningful to properly measure and characterize the volatility. Apart from traditional 
methods such as variance and standard deviation to quantify the volatility, there are plenty of scholars have 
tried other methods. Among them, Engle (1982) proposed ARCH model and achieved good results. The model 
properly describes heteroskedasticity and volatility clustering, for which it is widely used in financial time 
series analysis. Bollerslev (1998) further developed it into GARCH model. GARCH models allow conditional 
heteroskedasticity to rely on their own pre-value, which simplifies its former form and expands its applications. 
However, both ARCH model and GARCH model cannot explain leverage effects. On this basis, Nelson (1991) 
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and Glosten (1993) proposed EGARCH model and GJR-GARCH model to deal with leverage. However these 
models are based on the single state model, which means all of them have assumed that heteroscedasticity has 
no structure converted. Hamilton and Susmel (1994) relaxed the assumption of the single state and put forward 
SWARCH model, which allows the existence of two states and even multiple states. If there are significant 
differences in different states, it proves there are more than one single state. 
The Chinese stock market is developing and extremely vulnerable to policy impacts. The changes of 
transaction costs and interest rates will result in huge volatility, even soaring or plunge in stock market. Thus, if 
we use single state ARCH or GARCH model to model or predict the Chinese stock market, it may be not 
accurate. For this reason, this paper uses switching ARCH model to research fluctuation characteristics of 
Chinese stock market. 
2. Literature review 
Plenty of scholars have used Markov state transition model to study the stock market. Hamilton and Susmel 
(1994) insisted that although the ARCH models can describe the persistent of volatility, it cannot enhance the 
prediction accuracy compared to constant volatility models. To solve this problem they used Markov state 
transition model to convert fluctuating persistence into state persistence and fluctuating persistence in specific 
state. Through the empirical analysis of the US stock market, they found that SWARCH model greatly 
improves the prediction accuracy. It also found that it is the changes in economy environment that promote 
state transfer. Ranchand and Susmel (1998) also used SWARCH model to research the developed countries’ 
stock market, such as England and France. The results consistent with the US stock market, and the duration of 
the low volatility regime is significantly longer than high volatility. Domestic scholars Xianglin Jiang, 
Chunfeng Wang and Xiaolin Wu (2004) used Shanghai Composite Index to construct Markov state transition 
model, whose conclusions are similar to Hamilton that SWARCH model can improve prediction accuracy 
compared with tradition ARCH model or GARCH model. However promoting the state transfer was not the 
economy anymore. In China the policy changes play an important role in the state transfer. Bing Zhang (2005) 
divided the Chinese stock market into three states, namely “bear market”, “slow cow market” and “mad cow 
market” and the empirical research have proved the existence of these three states. But how it happened? The 
author explained it with behavioral finance and game theory. Hua Zhao and Jianwen Cai (2011) established a 
series of models: GARCH models, EGARCH models and GJR-GARCH models, whose disturbance submit to 
normal distribution, t distribution and GED distribution. Meanwhile they compared these models with Markov 
Regime Switching model, and draw the conclusions from loss function that MRS-GARCH displays best 
explanatory power. Junjun Zhu and Shiyu Xie (2011) also adopted the Shanghai Composite Index to establish 
MS-TGARCH model, which used MCMC method to estimate the model, finding that the volatility of Chinese 
stock market displays double asymmetry. In different states, asymmetry is completely opposite. For example, 
in the state of high volatility, the response to the positive impact is significantly greater than the negative 
impact; and in the state of low volatility, the response to the positive impact is significantly less than the 
negative impact. Junjun Zhu, Shiyu Xie (2010) and Chengsi Zhang, Jiaxian Shu (2011) got similar conclusions. 
Issues related to stock market has been a hot topic in academic. Existing researches can be expanded from 
the following two aspects: Firstly, most literatures use market composite index as object, we can change our 
object into industry sectors. Secondly, we can further discuss the regime characteristics, for instance whether 
the correlations are the same in different regimes. Therefore, this article focus on industry sectors and further 
discuss the correlations between states. 
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3. Data Analysis 
Based on the industry classification of the CSRC (China Securities Regulatory Commission), all stocks can 
be divided into 18 industry sectors traded from April 15, 2001 to June 2, 2015. These sectors are as follows: 
Agriculture, forestry, animal husbandry and fishery (A); mining industry (B); manufacturing industry (C); 
Water and electricity gas industry (D); construction industry (E); wholesale and retail industry (F); Shipments 
of warehousing (G); lodging and catering industry (H); information technology industry (I); financial industry 
(J); real estate (K); Leasing business industry (L); Scientific research and technology (M); Water environment 
industry (N); Health industry society (O); Cultural and sports industry (P); education industry(Q); composite 
industry (R). This paper uses weekly data since there are not enough sample if we use monthly data and too 
much noises are introduced if we use daily data. Descriptive statistics for each industry sector are shown in 
Table 1. 
Table 1. Descriptive statistics 
Industry Mean Std. Skewness Kurtosis JB LM(12) 
A 0.0857 2.0601 -0.2103 5.0178 126.75*** 80.86*** 
B 0.0944 1.8038 0.2131 4.5757 79.49*** 69.01*** 
C 0.1042 1.7097 -0.2038 4.8961 112.21*** 122.41*** 
D 0.0718 1.5632 -0.3828 5.9480 276.76*** 111.42*** 
E 0.0841 1.8783 0.2672 6.1586 306.17*** 46.47*** 
F 0.0913 1.7620 -0.1387 4.8338 102.62*** 94.99*** 
G 0.0773 1.7029 -0.2290 5.2805 161.41*** 119.20*** 
H 0.0976 2.0346 -0.5095 5.1683 171.24*** 61.68*** 
I 0.1531 1.7854 -0.1482 3.8841 25.95*** 81.84*** 
J 0.1021 1.9173 0.2609 5.0493 133.41*** 57.36*** 
K 0.0826 1.9938 -0.1847 4.9577 118.41*** 138.39*** 
L 0.1317 1.8814 -0.0206 4.5783 74.37*** 49.74*** 
M 0.1386 2.6286 0.4817 11.279 2072.84*** 14.99 
N 0.1120 1.8636 -0.0455 4.9413 112.67*** 86.99*** 
O 0.1400 3.1628 0.0011 5.4051 172.57*** 23.22** 
P 0.1248 2.0576 0.0684 5.0495 125.88*** 63.45*** 
Q 0.0915 2.9789 0.3960 9.5000 1275.47*** 68.38*** 
R 0.0846 2.0191 -0.2733 4.8273 108.53*** 83.29*** 
 
The skewness, kurtosis and JB statistics have refused normality assumption for all 18 industries, and except 
scientific research and technology industry (M), remaining 17 industries indicate the presence volatility 
clustering. 
4. Empirical Results 
4.1. SWARCH model 
Consider AR (1)-GARCH (p, q) model: 
ݕݐ ൌ ܽ൅ ܾݕݐെͳ ൅ ݁ݐǢ ݁ݐΊܫݐെͳ̱ܰሺͲǡ݄ݐሻ (1) 
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                                                         
This model is widely used in financial series, however, when some major shocks occur, such as the 2008 
financial crisis, it is not able to capture structural changes resulting from the crisis. So Hamilton and Susmel 
(1994) proposed SWARCH model that allows the existence of multiple states and states transition, whose 
variance subject to the following procedure: 
Where ݏ௧ shows the state of economy. In dealing with state transition model, we need make an assumption 
on transition probability. A simple assumption is that it obeys Markov chain, that is: 
 
 
 
With these assumptions, we can estimate SWARCH model already. The model is as follows: 
 
Table 2. Results for SWARCH (2, 1) model 
Industry ܽ ߙ଴ǡଵ ߙ଴ǡଶ ߙଵǡଵ ߙଵǡଶ L 
A 0.0857 3.1272*** 43.6527*** -0.1204 -1.8884*** -2275.97 
B 0.0944 1.9115*** 18.3555*** 0.0790*** 1.5245*** -2076.18 
C 0.1042 1.6621*** 26.2650*** 0.0955*** 0.0531 -1976.33 
D 0.0718 1.4522*** 27.8035*** 0.1615*** 0.4811*** -1995.53 
E 0.0841 2.6808*** 51.2663*** 0.0230 0.1315 -2226.51 
F 0.0913 1.7763*** 20.2867*** 0.1560*** 4.0387*** -2067.37 
G 0.0773 1.6722*** 24.8796*** 0.1852*** 4.2242*** -2069.15 
H 0.0976 2.3714*** 34.2495*** 0.0592*** 0.1518 -2272.33 
I 0.1531 1.7596*** 16.9708*** 0.1174*** 1.0010*** -1977.08 
G 0.1021 2.5672*** 31.7543*** 0.0496** 1.0671*** -2140.04 
K 0.0826 2.8612*** 31.3368*** 0.1543*** 20.7839*** -2318.61 
L 0.1317 2.4017*** 23.7932*** 0.0907*** 2.2585*** -2099.48 
M 0.1386 5.1924*** 322.6982*** 0.0775*** -1.1275*** -2824.18 
N 0.1120 2.1027*** 22.9982*** 0.1466*** 6.0442*** -2154.76 
O 0.1400 6.5023*** 115.5953*** 0.0850** -0.4025*** -2943.97 
P 0.1248 2.4330*** 32.0588*** 0.1014*** 1.5180*** -2210.70 
Q 0.0915 7.0068*** 285.0888*** 0.0595*** 0.5162*** -2925.22 
R 0.0846 2.7601*** 39.8829*** 0.0231 -0.3263*** -2224.14 
 
We use software Winrats to make estimation. Table 2 reports the SWARCH (2, 1) models results, the first 
“2” refers to the two states, the second “1” indicates that there is only one self-regression coefficient in the 
variance equation. There are significant differences between  ߙ଴ǡଵ andߙ଴ǡଶ, ߙଵǡଵandߙଵǡଶ. These results shows 
each of industry sector does exist two states, the high volatility state and low volatility state. At the same time 
this article also tried SWARCH (2, 2) model and SWARCH˄3, 2˅model, but there is not significant 
differences among them. To avoid too much parameters to be estimated, we choose SWARCH (2, 1) model. 
݄ݐ ൌ ߙͲǡݏݐ ൅෍ ߙ݅ǡݏݐെ݅݁ݐെ݅ ʹ
݅ൌݍ
݅ൌͳ
 
݄ݐ ൌ ߙͲ ൅෍ߙ݅݁ݐെͳʹ
݅ൌݍ
݅ൌͳ
൅෍݅ߚ ݄ݐെ݅
݅ൌ݌
݅ൌͳ
 
ܲݎ݋ܾ൫ݏݐ ൌ ݆Ίݏݐെͳ ൌ ݅ǡ ݏݐെʹ ൌ ݇ǡǥ൯ ൌ ܲݎ݋ܾ൫ݏݐ ൌ ݆Ίݏݐെͳ ൌ ݅൯ ൌ ݌݆݅  
ݎݐ ൌ ܽ൅ ݁ݐǢ݁ݐΊܫݐെͳ̱ܰሺͲǡ݄ݐሻ 
݄ݐ ൌ ߙͲǡݏݐ ൅ ߙͳǡݏݐ݁ݐെͳʹǡ ݏݐ ൌ ͳǡʹ 
(2) 
(3) 
(4) 
(5) 
(6) 
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4.2. Industry Classification 
Using WinRats we can get transition probability diagram, and we sort it into three categories. The first are 
the Agriculture, forestry, animal husbandry and fishery (A); construction industry (E); financial industry (J); 
Leasing business industry (L); information technology industry (I); Water environment industry (N); education 
industry (Q);. The second category includes: manufacturing industry (C); Water and electricity gas industry (D); 
wholesale and retail industry (G); Shipments of warehousing (G); real estate (K); scientific research and 
technology (M); Cultural and sports industry (P); composite industry (R). The rest are the third category. For 
each category, we choose a representative industry to be observed. 
Fig.1. First category: Financial industry (J) 
Fig.2. Second category: Manufacturing industry (C) 
Fig.3. Third category: Lodging and catering industry (H) 
From the figures, the state of first class and second class industry sectors are relatively stable, the transfer 
between different states are not particularly frequent. While the third category industries have high jump 
frequency. 
4.3. Regime Characteristics 
Next comes to the regime characteristics: the correlation between industry sectors in difference states. The 
paper chooses the financial industry and other industries to calculate correlation coefficients since that 
according Yanyan Liu (2013)’s research, the market value of financial industry is the biggest industry sector 
and it accounts for 35% volatility of Shanghai and Shenzhen 300 index. Meanwhile the financial industry 
mainly includes banks, insurances, brokerages and other financial institutions, which are important to Chinese 
economy. 
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According to the state of the financial sector, the overall data can be divided into two parts. The criteria is 
the same as Hamilton, that is when smoothing probability ܲݎ݋ܾሺݏ௧ ൌ ݅Ίݕ்ǡ ݕ்ିଵǡ ǥ ሻis greater than 0.5, then it 
belongs to state i. 
Table 3.The correlations between financial and other sectors in two states 
Industry High Volatility Regime Low Volatility Regime Population 
A 0.4751 0.4881 0.4739 
B 0.7663 0.7044 0.7179 
C 0.7076 0.6301 0.6431 
D 0.7025 0.6473 0.6580 
E 0.7356 0.6386 0.6434 
F 0.6787 0.6129 0.6206 
G 0.7651 0.6877 0.7043 
H 0.5749 0.4954 0.5007 
I 0.5919 0.5267 0.5321 
K 0.8098 0.7272 0.7431 
L 0.5200 0.5125 0.5027 
M 0.4611 0.3284 0.3533 
N 0.6517 0.5633 0.5750 
O 0.4492 0.2439 0.2813 
P 0.5148 0.4140 0.4275 
Q 0.4117 0.3846 0.3946 
R 0.7097 0.5736 0.5954 
 
Table 3 shows that except Agriculture, forestry, animal husbandry and fishery (A) and leasing business 
industry (L), the correlations between financial and other industries are highest in high volatility regime and are 
smallest in the low volatility regime. To be specific, except Agriculture, forestry, animal husbandry and fishery 
(A), the correlation in high volatility state are 1.01 to 1.84 times than low state. This shows that in high 
volatility state, all industry sectors tend to move together. 
5. Conclusion 
This article focuses on Chinese stock market volatility and correlations from the industry sectors 
perspectives. Firstly the industry sectors weekly data are used to construct Markov ARCH model, and we find 
that each industries can be divided into different regimes with different volatility, which is similar to market 
index. Secondly we sort 18 sectors into three categories by their transition probability figures. At last, by 
computing correlations between financial and other sectors in two different states, the paper suggests that in the 
high volatility regime, all industries tend to move together. 
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